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ABSTRACT 
Hemocyanin is a large molecular weight, oxygen carrying protein that is present in the 
hemolymph of mollusks and arthropods . Limulus, horseshoe crab, hemocyanin is made up of 48 
hexamer subunits ( consisting of seven different repeating subunits) each of which have oxygen 
binding dinuclear copper active centers. Octopus hemocyanin is composed of a single kind of 
polypeptide chain that has seven functional units, or oxygen binding domains. 
The goals of research conducted by Gregory Cole and Danielle Mercatante during the fall of 
1996 and spring of 1997 were to gain a biochemical understanding of the structure of Limulus and 
octopus hemocyanin. Experiments performed included: 1. Copper analysis of the amount of copper 
ions remaining in the active sites of all seven subunits of Limulus hemocyanin post DTT reaction; 2. 
Determination of whether the pH of Limulus hemocyanin prior to DTT reaction or the pH of the 
redialysis buffer determines the amount of oxygen binding capacity recovered; 3. Determination of 
whether the structure of Limulus Subunit IV changes over time; 4. Determination of whether EDTA 
affects the rate of the DTT reaction, oxygen binding capacity recovery, and the banding of the protein 
as seen by gel electrophoresis; and 5. Determination of the extent of stability the S-S bonds have on 
the copper active center in octopus hemocyanin, as seen by DTT reactions, copper analysis, and 
recovery of oxygen binding capacity post DTT reactions . 
INTRODUCTION 
Hemocyanin is a large molecular weight ( approximately 3 million Daltons ), oxygen carrying 
protein that is present in the hemolymph of mollusks and arthropods (1). Its purpose is to bind oxygen 
reversibly in order to distribute it throughout the cells in the organism. In addition to its large size, 
a striking physical characteristic of hemocyanin is the deep blue color of its oxygenated form. This 
blue color is a result of the 0 2 2+ --> Cu2+ charge transfer at the dinuclear copper active center, the 
oxygen binding active site, of the protein. The extent of the oxygen binding can be analyzed 
spectrophotometrically, by determining the absorbance at 340nm -- this is the band of the oxygen to 
copper charge transfer . 
Limulus polyphemus, horseshoe crab, has hemocyanin that shows some features that are 
similar to arthropod, yet some features that are similar to mollusk hemocyanin. Limulus hemocyanin 
is made up of 48 hexamer subunits. Studies have found that binuclear copper, oxygen binding centers 
are located in each of the seven different subunits that make up the native protein . Each of the 
subunits individually maintain oxygen binding capability, even after the native protein dissociates. 
Furthermore, Limulus hemocyanin has the ability to reversibly bind oxygen. The structural features 
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by which it is able to do this are still being uncovered . Due to the large size and complexity of 
Limulus hemocyanin, the structure of most of the subunits remains unknown, except for subunit II 
(2). The structure of subunit II, which was elucidated by X-ray diffraction studies, was probed in 
order to gain an understanding of how the tertiary structure of the subunit interacts with the copper 
active site (3). In order for the subunit to bind oxygen, it is necessary for the amino acid histidine to 
hold the copper atoms in a precise orientation . By altering the tertiary structure, the location of the 
histidine residues changes and therefore affects the protein's ability to bind oxygen. Disulfide bonds 
appear to be a major stabilizing feature of the active site ( 1, 2, 3 ). 
Hemocyanin from separate organisms have been found to differ from each other in various 
ways . Octopus hemocyanin differs from Limulus hemocyanin in that octopus hemocyanin is 
composed of a single kind of polypeptide chain which has seven functional units, or oxygen binding 
domains. The oxygen binding site in mollusk hemocyanin do not show significant enzyme-like activity 
towards hydrogen peroxide as the oxygen binding sites in Limulus, and arthropod hemocyanin, do . 
In addition, the binuclear copper active sites in arthropods and molluscan hemocyanin differ in that 
when the first copper is lost, the second copper in arthropods is lost much faster than the second 
copper in molluscan hemocyanin active sites (4) . 
During the fall and spring semesters of 1996-1997, experiments were conducted to gain 
insight to the stabilization structures of Limulus and Octopus hemocyanin. First, as a continuation 
of research conducted by Cole and Mercatante in the summer of 1996 ( 5), all seven Limulus subunits 
were analyzed for their extent of copper ion loss after OTT treatments ( dithiothreitiol -- a disulfide 
reducing reagent) and redialysis. It was hypothesized that there would be a greater copper ion loss 
from the dinuclear copper sites of subunits that showed lower oxygen binding recovery, indicating 
that the original S-S bonds played a major role in stabilizing the oxygen binding copper active 
centers . Preliminary data ( 6) has shown that different subunits exhibit varying degrees of oxygen 
binding capacity recovery which varies with the pH; there was generally less oxygen binding recovery 
at higher pH's. Subsequently, the subunits at higher pH's were thought to lose more of their copper 
ions than the subunits at lower pH's. 
Second, Limulus subunit IV was exposed to OTT at pH's 8.0 and 9.0, then redialyzed at 
varying pH's in order to determine if the extent of oxygen binding recovery is related to the pH at 
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which the hemocyanin DTT reaction is run, or if it is related to the pH at which the DTT treated 
hemocyanin is redialyzed. 
Third, DTT reactions were conducted with old (prepared in 1993) and new (prepared in 1/97) 
Limulus hemocyanin to determine if the hemocyanin protein degrades over time. Fourth , Limulus 
subunit IV DTT reactions were run without EDT A ( a metal chelator that binds copper ions) and with 
EDT A in the buffer at pH 9 . 0 to determine if the rate of the reaction, amount of oxygen binding 
recovery, and gel electrophoresis results were affected by EDT A. 
Finally , octopus hemocyanin , obtained from Karen Miller at Oregon State University , was 
treated with DTT and redialyzed to determine the extent of stabilization that the S-S bonds have on 
the tertiary structure of the protein . Also , the redialyzed octopus hemocyanin was reacted with DTT 
to determine if the rate of reaction and amount of oxygen binding recovery remained the same as 
when the original material was reacted with DTT; this was done to see if the disulfide bonds reformed 
in the same way after being broken and allowed to reform (DTT reaction followed by redialysis) . 
METHODS 
Analysis of Copper in Redialyzed Hemocyanin Samples 
Colometric copper analysis (6) was performed on non-EDT A containing Limulus hemocyanin 
samples remaining from DTT reactions performed during the summer of 1996 (5). The same 
procedure was followed for the copper analysis of octopus hemocyanin samples. 
Hemocyanin Treatment with DTT 
To determine the effect that OTT had upon Limulus and octopus hemocyanin , a standard 
assay procedure was developed . A Hewlett Packard UV- Vis Diode Array Spectrophotometer was 
used to take spectrophotometric measurements . The stock hemocyanin samples were diluted to an 
absorbance of 1.3 at 340 nm for Limulus (at 348 nm for octopus) and a 280 nm scan was taken to 
determine protein concentration . One milliliter of this diluted solution was removed from the cuvette 
so that initial copper determinations could be performed. Twenty microliters of IM DTT was then 
added to the remaining 2 ml of hemocyanin and mixed thoroughly . The reaction was monitored at 
340 nm (for Limulus , and 348 nm for octopus) and allowed to progress until the absorbance had 
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reached a plateau . At this point, 200 microliters of hemocyanin with DTT was removed for 
electrophoresis experiments . The remaining 1.8ml of hemocyanin with DTT was redialyzed in the 
desired buffer for the indicated period of time (Limulus hemocyanin was redialyzed for 2 days, while 
octopus hemocyanin was redialyzed for various indicated times) . 
Several experiments involving different redialysis buffers were performed. The second set of 
experiments conducted involved DTT reactions of various samples of Limulus subunit IV (not 
containing EDTA) at pH's 7.0, 8.0 and 9.0. Redialysis of these samples were done in non-EDTA 
buffers at all of the pH's. Hemocyanin reacted at pH 9.0 was redialyzed in 9.0, 8.0 and 7.0 non-EDT A 
buffer; hemocyanin reacted at pH 8.0 was redialyzed at 9.0, 8.0 and 7.0; and hemocyanin reacted at 
pH 7.0 was redialyzed at 9.0, 8.0 and 7.0. 
The third set of experiments conducted involved DTT reactions of old and new Limulus 
subunit IV hemocyanin . The reactions were run with hemocyanin in EDTA buffer at pH 9.0, with 
redialysis in non-EDTA buffer at pH 9.0. 
The fourth set of experiments conducted involved DTT reactions of Limulus subunit IV in 
buffers with and without EDT A at pH 9. 0. One reaction was with subunit IV at 9. 0 with EDT A and 
redialyzed in non-EDT A buffer at 9. 0. Another reaction was with subunit IV at 9. 0 with EDT A and 
redialyzed at 9.0 with EDTA buffer. A final reaction was with subunit IV at 9.0 without EDTA and 
redialyzed at 9. 0 without EDT A. 
The fifth set of experiments conducted involved octopus hemocyanin . All the OTT reactions 
performed ( with the exception of DTT reactions of the redialyzed material, which started with the 
hemocyanin in non-EDT A buffer at pH 9.0) started with the hemocyanin at pH 9.0 with EDT A. 
Redialysis post DTT reaction hemocyanin was in a non-EDT A containing buffer at pH 9.0. 
Gel Electrophoresis 
Native gel electrophoresis was used to visualize the changes in subunit structure due to DTT 
treatment. To perform the electrophoresis, hemocyanin samples were diluted I: 10 in sample buffer 
(0.5 Tris-HC], Glycerol, 1 % Bromophenol blue, and distilled water). Twelve microliters were added 
to load approximately six microliters of protein into each well of a Bio-Rad 10% cross-linked Tris-
HCI Mini-Protean II Ready Gel. Molecular weight markers of bovine serum albumin (monomer= 
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66.000d, dimer= 132,000 d) and Jack Bean urease (trimer= 272,000 d, hexamer = 545,000 d) were 
loaded and the gels were run at 190 v for 45 minutes. After staining for 45 minutes in Coomassie Blue 
staining solution, the gels were gently shaken for approximately 3-4 hours in a 40% methanol-I 0% 
acetic acid solution . The gels were then dried for I. 5 hours between cellulose paper. 
During the fall of 1996 and spring of 1997, Limulus Subunits IHA and IV were run on gel 
electrophoresis to attempt to duplicate the banding that was seen in the gels run during the summer 
of 1996 (5). Gels were run with Subunit IV samples that were : a. with EDT A during DTT reaction 
and redialyzed with EDT A, b. without EDT A during DTT reaction and redialyzed without EDT A, 
c. with EDT A during DTT reaction and redialyzed without EDT A, d. reactions with Subunit IV from 
6/96 hemocyanin prep, with EDT A during DTT reaction and redialyzed without EDT A. Subunit IHA 
gels were run: a. 1/97 prep material with EDT A during OTT reaction and redialyzed without EDT A, 
and b. 6/96 prep material with EDT A during DTT reaction and redialyzed without EDT A. 
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RESULTS 
Table 1. Copper Analysis of all seven Limulus Subunits Reacted with DTT. 
SUBUNITS AT 7.0 
Subunit Abs 480 nmol Cu/0.4ml nmol Cu/ml abs 280 Cu content % original 
I (i) - pre DTT 0.360 36.844 92.109 3.440 26.776 
I (i) - post DTT 0.393 39.491 98.727 6.722 14.687 54.852 
I (ii) - pre DTT 
I (ii) - post DTT 
II (i) pre DTT 0.451 46.157 115.392 5.389 21.413 
II (i) post DTT 0.382 38.434 96.086 5.970 16.095 75.165 
II (ii) no EDTA pre DTT 0.498 50.967 127.418 5.330 23.906 
II (ii) no EDTA post DTT 0.423 42.560 106.399 5.618 18.939 79.223 
Ila (i) pre DTT 0.518 53.014 132.535 6.181 21.442 
Ila (i) post DTT 0.367 36.925 92.313 5.185 17.804 83.031 
Ila (ii) pre DTT 0.496 50.762 126.906 4.915 25.820 
Ila (ii) post DTT 0.391 39.340 98.350 5.015 19.611 75.953 
Va (i) pre DTT 
Va (i) post DTT 
Va (ii) pre DTT 0.496 50.762 126.906 6.431 19.734 
Va (ii) post DTT 0.373 37.529 93.822 6.144 15.271 77.384 
Vb (i) pre DTT 0.616 63.044 157.609 8.379 18.810 
Vb (i) post DTT 0.405 40.749 101.871 6.833 14.909 79.260 
Vb (ii) pre DTT 0.559 57.210 143.025 8.024 17.825 
Vb (ii) post DTT 0.445 44.773 111.933 7.299 15.335 86.034 
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SUBUNITS AT 8.0 
Subunit Abs 480 nmol Cu/0.4ml nmol Cu/ml abs 280 Cu content % original 
I (i) - pre OTT 0.462 46.484 116.209 5.860 19.831 
I (i) - post OTT 0.334 33.605 84.012 5.294 15.869 80.024 
I (ii) - pre OTT 0.428 43.063 107.657 5.092 21.142 
I (ii) - post OTT 0.32 32.196 80.491 4.745 16.963 80.234 
II (i) pre OTT 0.448 45.075 112.687 5.189 21.717 
II (i) post OTT 0.239 24.047 60.117 5.105 11.776 54.226 
II (ii) pre OTT 0.467 46 .987 117.467 5.247 22 .387 
II (ii) post OTT 0.199 20.022 50.055 5.080 9.853 44 .013 
Ila (i) pre OTT 0.419 42.157 105.393 4.452 23.673 
Ila (i) post OTT 0.146 14.690 36.724 4.404 8.339 35.225 
Ila (ii) pre OTT 0.457 45 .980 114.951 4.873 23.589 
Ila (ii) post OTT 0.183 18.412 46.031 4.796 9.598 40 .687 
Va (i) pre OTT 0.490 49.301 123.252 5.640 21.853 
Va (i) post OTT 0.272 27 .367 68.417 5.851 11.693 53.508 
Va (ii) pre OTT 0.502 50.508 126.270 7.510 16.814 
Va (ii) post OTT 0.243 24.449 61.123 5.279 11.578 68 .864 
Vb (i) pre OTT 0.508 51.112 127.779 8.544 14.955 
Vb (i) post OTT 0.350 35.215 88.037 6.131 14.359 96.014 
Vb (ii) pre OTT 0.579 58.255 145.638 8.332 17.479 
Vb (ii) post OTT 0.452 45 .503 113.756 6.033 18.856 107.874 
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SUBUNITS AT 9.0 
Subunit Abs 480 nmol Cu/0.4ml nmol Cu/ml abs 280 Cu content % original 
I (i) - pre OTT 0.497 50.865 127.162 5.792 21.955 
I (i) - post OTT 0.334 34.183 85.457 5.116 16.704 76.083 
I (ii) - pre OTT 0.428 43.803 109.508 5.767 18.989 
I (ii) - post OTT 0.32 32.750 81.875 4.346 18.839 99.213 
II (i) pre OTT 0.448 45.850 114.625 5.870 19.527 
II (i) post OTT 0.239 24.460 61.150 5.231 11.690 59.865 
II (ii) pre OTT 0.467 47.794 119.486 5.806 20.580 
II (ii) post OTT 0.200 20.469 51.172 4.745 10.784 52.403 
Ila (i) pre OTT 0.419 42.882 107.205 5.496 19.506 
Ila (i) post OTT 0.146 14.942 37.355 4.457 8.381 42 .968 
Ila (ii) pre OTT 0.457 46.771 116.928 4.902 23.853 
Ila (ii) post OTT 0.183 18.729 46.822 4.514 10.373 43.486 
Va (i) pre OTT 0.490 50.148 125.371 6.004 20.881 
Va (i) post OTT 0.272 27.837 69.594 6.451 10.788 51.664 
Va (ii) pre OTT 0.502 51.377 128.441 5.363 23.950 
Va (ii) post OTT 0.243 24.870 62.174 6.624 9.386 39.191 
Vb (i) pre OTT 0.508 51.991 129.976 6.653 19.537 
Vb (i) post OTT 0.350 35.820 89.551 8.020 11.166 57.154 
Vb (ii) pre OTT 0.579 59.257 148.142 6.229 23.783 
Vb (ii) post OTT 0.425 43.496 108.740 7.400 14.695 61.787 
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Table 2. Non-EDTA Limulus Subunit IV DTT Reactions Run at One pH and Redialyzed in 
another pH. 
SAMPLE Initial Redial percent recovery 280/340 
280/340 280/340 
IV (i a) 9 .0 Red. in 4.44 9.748 45 .5 
9 .0 
IV (i b) 9.0 4.19 7.27 57.6 
Red. in 9.0 
IV (iia) 9.0 4.21 9.18 45.9 
Red. in 8.0 
IV (iib) 9.0 4.27 7.19 59.4 
Red . in 8.0 
IV (iiia )9 . 0 4.24 9.45 44 .9 
Red . in 7.0 
IV (iiib )9. 0 4.25 7.56 56.2 
Red . in 7.0 
IV (ia) 8.0 1.83 20 .07 9.12 
Red . in 9.0 
IV (ib) 8.0 4.41 6.78 65 .0 
Red . in 9.0 
IV (ic) 8.0 Red . in 4.07 6.355 64.04 
1/1.0 
IV (iia) 8.0 4 .21 5.97 70.52 
Red . in 8.0 
IV (iib) 8.0 4 .22 4 .616 91.14 
Red . in 8.0 
IV (iiia)8.0 4 .23 6.03 70 .15 
Red . in 7.0 
IV (iiib)8.0 --- ---- ---
Red . in 7.0 
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Table 3. DTT Reactions with Limulus Subunit IV Old and New Material. 
SAMPLE Initial Rate of Redialyzed % Recovery of 
A340/280 Reaction A340/280 Initial A340/280 
Limulus Subunit IV 0.2337 8.415 E-4 0.152 65.02 
OLD 
Limulus Subunit IV 0.238 7.701 E-4 0.1569 65.90 
NEW 
This table shows that the old and new Limulus Subunit IV hemocyanin samples reacted with DTT 
in similar manners; both rates of reactions were around 8.0 E-4 and their% recoveries of initial 
A340/280 were around 65% . 
Table 4. DTT Reactions With Limulus Subunit IV at pH 9.0 With and Without EDTA. 
SAMPLE Initial Rate of Redialyzed % Recovery of 
A340/280 Reaction A340/280 A340/280 
Subunit IV Run with 0.214 8.692 E-4 0.1183 55.28 
EDTA 
Redialyzed with 
EDTA 
Subunit IV Run with 0.246 6.673 E-4 0.1511 61.42 
EDT A; Red. without 
EDTA 
Subunit IV Run with 0.243 7.422 E-4 0.1528 62.88 
EDTA 
Red. without EDT A 
This table shows that the rate ofreactions and% recovery of 340/280 absorbances were very similar 
when EDT A was and was not present in the hemocyanin sample initially or in the sample after 
redialysis. 
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Figure l. DTT Reactions with Old and 
New Limulus Subunit IV Hemocvanin 
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Figure 2. OTT Reactions with Limulus 
Subunit IV with and without EDTA at 
pH9 .0 
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Table 5A. DTT Reactions with Octopus at pH 9.0. 
SAMPLE Initial Time to A348 Redialyzed % Recovery of 
A348/280 plateau (s) A348/280 Initial 
A348/280 
Octopus (i) 0.211 3900 0.197 93.4 
Octopus (ii) 0.189 2760 0.189 100.0 
Octopus (iii) 0.166 3840 0.189 113.86 
This table shows that the DTT reactions with octopus hemocyanin samples proceeded rapidly 
(between 2760 and 3900 seconds to loss of A348) and they recovered around 100% of their initial 
A348/280 . 
Table SB. OTT Reactions with Octopus at pH 9.0 with original and redialyzed material. 
SAMPLE Initial Rate of Redialyzed % Recovery of 
A348/280 Reaction A348/280 Initial 
A348/280 
Octopus 9. 0 (Run 0.2111 1.319 E-3 0.1967 93 .00 
I) original 
Octopus 9.0 (I) 0.1991 5.252 E-4 0.1989 99.90 
Redialyzed 
Material 
Octopus 9. 0 (II) 0.1895 1.213 E-3 0.1895 100.00 
original 
Octopus 9. 0 (II) 0.1931 9.572 E-4 0.1942 100.57 
Redialyzed 
This table shows that the Octopus hemocyanin that was reacted with DTT and then redialyzed, 
reacted with DTT slower than the original material did. It also shows that the redialyzed material and 
original material were able to recover 100% of their 340/280 absorbances post DTT and redialysis. 
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Table 6A. Octopus time trial data -- trial #1. 
Time (min.) A348 A280 A348/280 % Recovery of 
Initial 
A348/280 
Initial (pre-DTT) 1.2905 8.186 0.15765 -------
0 0.269 8.186 0.03286 -------
5 1.0997 8.346 0.13177 83.6 
12 1.2454 8.6842 0.14341 91.0 
20 1.3818 8.7897 0.1572 99.7 
25 1.3664 8.8304 0.1547 98.2 
30 1.4113 8.8177 0.16005 101.5 
35 1.4436 8.6342 0.16720 106.1 
40 1.4061 8.3400 0.16861 107.0 
Table 6B. Octopus time trials -- trial #2. 
Time (min.) A348 A280 A348/280 % Recovery of 
Initial 
A348/280 
Initial 1.2914 10.8394 0.1191 -------
0 0.2058 10.8394 0.0190 -------
5 not enough sample was removed 
15 1.4750 13.3350 0.1106 92.9 
25 1.4040 12.0590 0.1164 97.7 
35 1.6920 12.4060 0.1364 114.5 
45 1.6292 12.514 0. 1302 109.3 
These tables show that the Octopus hemocyanin at pH 9. 0 is able to recover I 00% of its initial 
A348/280 between 30 and 35 minutes of redialysis in its appropriate buffer (non-EDT A pH 9.0 Tris 
buffer) . 
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Table 7. Copper Analysis Data for Octopus Hemocyanin at pH 9.0. 
SAMPLE (nmoles Cu/ml) % Cu ion lost 
A280nm 
Original octopus (I) hemocyanin 20.95 -----
Post DTT Rxn and Redialysis hemocyanin (I) 19.55 6.68 
Original octopus hemocvanin (Run II) 19.26 -----
Post DTT Rxn and Redialysis hemocyanin 18.74 2.69 
(II) 
This table shows that there was minimal copper ion loss (between 6.68 and 2.69% ion loss) when the 
octopus hemocyanin was reacted with DTT and redialyzed. 
DISCUSSION 
Copper Analysis 
The copper analysis was completed in early October and is found in table 1. The data was 
exam ined and found to agree with the trends of the 340/280 absorbance percent recoveries . The 
samples that retained the most copper were the samples at pH 7.0. This is logical because these 
samples also recovered the greatest amount of oxygen binding ability. Samples at higher pH's retained 
less copper and subsequently showed a lower ability to recover their oxygen binding capability. 
DTT Reactions and Redialysis of Limulus IV 
Table 2 shows the DTT reactions with Limulus IV with no EDT A. Data indicate that the 
original pH of the hemocyanin, at which the DTT reaction was run, held more of an influence over 
the extent of recovery of oxygen binding capability than the pH of the redialysis buffer to remove the 
DTT. This was seen by observing that the hemocyanin samples run at pH 9.0 and redialyzed at 7.0, 
8.0, and 9.0 all regained between 45 and 60% of their initial 280/340 absorbances. The hemocyanin 
samples run at pH 8.0 and redialyzed at 7.0, 8.0, and 9.0 all regained between 64 and 70% of their 
initial 280/340 absorbances ; one exception was noted -- IV run iib (IV run at 8.0 and redialyzed at 
8.0) showed 91 .14% recovery. 
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The differences in the percent recoveries between the first and the second runs (a and b) of 
subunit IV reactions run at pH 9. 0 were thought to be a result of longer length of redialysis to rid of 
the DTT; the second runs were dialyzed in their respective buffers for one week longer than the first 
runs -- for a total of 2 weeks redialysis. The second reaction with subunit IV, run at 8.0 and 
redialyzed at 8.0, showed a 91.14% 280/340 absorbance recovery. This sample was thought to have 
been either: a. contaminated and the A280/340 reading was much greater than the oxygen binding 
capacity should have made it be; orb. left in for redialysis for 3 weeks, which was two weeks longer 
than the other IV at 8.0 DTT reactions. Subunit IV at 8.0 was not run again for redialysis in 8.0 and 
7. 0 to confirm the results due to lack of material. 
Does the Age of Limulus Hemocyanin Affect the 
Rate of DTT Reaction and Oxygen Binding Recovery? 
Table 3 and Figure I show that both the old and new Limulus hemocyanin subunit IV samples 
reacted with DTT in similar manners. The rates ofloss of oxygen binding capability (loss of A340) 
were similar for both samples (old= 8.415 E-4 and new= 7.701E-4). Also, the percent recoveries 
of oxygen binding capability post redialysis were similar (old= 65.02% and new 65.90%) . Thus, it 
does not appear that Limulus Subunit IV hemocyanin experiences major changes in its structure over 
time that would result in a diminished or greater ability to bind oxygen. 
Does EDT A Affect the Rate of DTT Reactions, 
Oxygen Binding Recovery, and/or Banding on Gels? 
Table 4 and Figure 2 shows that EDT A does not markedly affect the rates of oxygen binding 
capability loss upon DTT reaction in Limulus Subunit IV samples at pH 9.0. Furthermore , EDTA 
does not appear to markedly affect the percent of oxygen binding capability that is recovered upon 
redialysis of Limulus Subunit IV. 
In attempts to duplicate findings from the summer of 1996 that Subunit IV at 9.0 showed 
banding on the gel upon reaction with DTT and redialysis (5), Subunit IV 9.0 was reacted with and 
without EDT A, then redialyzed with and without EDT A; the banding was thought to have been a 
dimer that formed upon DTT reaction, and remained present through redialysis. Yet , these attempts 
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were futile efforts, as no banding was observed. Then, a gel was run with DTT reacted material left 
over from this summer to see if the hemocyanin prep was the problem. This too ended in no banding . 
At this point, it is not clear why no banding was observed in the gels that were run during the spring 
of 1997. However , when Subunit IIIA was reacted with OTT, redialyzed, and run out on a gel, no 
banding was seen from the material prepared in 1/97 but there was banding that was seen when a gel 
was run with material from the 6/96 preparation of hemocyanin material. 
DTT Reactions with Octopus Hemocyanin at pH 9.0 
The experiments with octopus hemocyanin yielded interesting results. Tables 5A and 5B show 
that the reactions of octopus hemocyanin with DTT proceeded very rapidly (loss of A348 occurred 
around 3500 seconds of DTT reaction). Furthermore , redialysis of the samples allowed the samples 
to regain around 100% of their oxygen binding capability (A348/280) . Some of the samples show 
values greater than 100% recovery. This could be attributed to errors in measuring , as the cuvette 
may have had residue on it. 
Time trials (table 6 and Fig. 3) show complete recovery of oxygen binding capability of the 
octopus hemocyanin, pH 9.0 was achieved between 30 and 35 minutes of redialysis post DTT 
reaction. Copper analysis (table 7) shows that the octopus hemocyanin retained almost all of its 
copper ions upon reaction with DTT and redialysis. This was to be expected since the samples 
showed 100% recovery of oxygen binding capability; the oxygen binding copper active centers were 
thought to have remained intact (or most nearly intact) . 
In order to see if the redialyzed material that had recovered 100% of its oxygen binding 
capability was able to reform their disulfide bonds to be in the same locations as the S-S bonds in the 
original hemocyanin sample, redialyzed material was reacted with DTT. The redialyzed material 
showed a slower rate of A348 loss than did the original material (Fig. 4 and Table 5B: redialyzed = 
5.252 E-4 and 9.572 E-4; original= 1.319 E-3 and 1.213 E-3) . The redialyzed material also started 
the DTT reaction at a higher A348 and ended at a higher A348 than did the original material. Yet , 
both the redialyzed and original materials recovered nearly 100% of their oxygen binding capabilities . 
Since both the original and redialyzed materials recovered 100% of their oxygen binding capabilities 
and retained near 100% of their copper ions post DTT reaction and redialysis, it was thought that the 
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octopus hemocyanin was able to reform their disulfide bonds in orientations that were very similar 
to the original hemocyanin . 
It was observed that the DTT reactions of Limulus and Octopus hemocyanin were notably 
different. When DTT was added to the octopus hemocyanin, the A348 began to drop off immediately 
(Fig. 4). Limulus hemocyanin usually holds steady for several minutes before rapid loss of oxygen 
binding ability occurs (Fig. I). This may imply that the disulfide bonds of the octopus hemocyanin are 
more accessible when the protein is folded in its native shape than the disulfide bonds of Limulus. 
CONCLUSION 
Findings of research conducted during the fall of 1996 and spring of 1997 have contributed 
to the understanding of the stabilization features of Limulus and octopus hemocyanin. It was 
determined that Limulus subunits reacted with DTT at higher pH's recovered lower oxygen binding 
capabilities and lost more copper ions than subunits reacted at lower pH's . Thus, the Limulus 
hemocyanin was thought to be much more stable at lower pH's than higher pH's. Next, it was found 
that the neither the age of the Limulus Subunit IV sample, nor the presence of EDT A affected the rate 
of reaction and recovery of oxygen binding capability; this knowledge will be very beneficial to 
researchers who examine various samples of Limulus hemocyanin. It was also found that the pH of 
the Limulus hemocyanin before DTT reaction determined the amount of oxygen binding capability 
that was recovered. Finally, octopus studies demonstrated that upon reaction with DTT, octopus 
hemocyanin rapidly lost its ability to bind oxygen, but the dinuclear copper active center did not 
appear to be disrupted . In addition, redialysis to rid of the DTT enabled the hemocyanin to recover 
100% of its oxygen binding capability within 30 to 35 minutes ofredialysis. 
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